Abstract: The effect of plot size was tested on heterogeneous and homogeneous data sets that were obtained by sampling grassland and forest vegetation on plots differing in size. Mean EIV for relevés revealed no differences among data sets from various plot sizes or between homogeneous and heterogeneous data sets. This is probably due to a similar indicator value for species newly occurring in plots with increasing plot size. Using EIV is thus a robust method even for data sets associated with wide range of plot sizes.
Introduction
Major ecological factors can be obtained directly by field measurements or estimated from the known ecology of plant species. Due to difficulties in obtaining precise field measurements and the consequent lack of such data, plant species have been widely used as bioindicators in agriculture, forestry and nature conservation in the second half of the twentieth century (Ewald 2003b) . The system of Ellenberg indicator values (further referred to as EIV) was created on the basis of Ellenberg's long-term experience with the ecological behaviour of plant species and is suitable for use in the western part of Central Europe (Ellenberg 1979 , Ellenberg et al. 1992 . EIV have since been widely used in many countries, because their application is simple and does not require much time or financial effort (Diekmann 1995 (Diekmann , 2003 . Projection of EIV into indirect ordinations can assist in the interpretation of ordination axes (Persson 1981; van der Maarel 1993) . EIV are good predictors of ecological factors even in geographically distant regions, as was shown during their calibration with environmental measurements in the Netherlands (Ertsen et al. 1998; Wamelink et al. 2002) , Sweden (Diekmann 1995) and Great Britain (Thompson et al. 1993 ). In addition, EIV are absolutely irreplaceable where temporal changes of ecological factors are inferred from historical data that lack environmental measurements. Major environmental factors, that have caused long-term changes in various types of vegetation, have been traced from the floristic composition of historical and recent data sets in forest vegetation (Wittig et al. 1985; Hédl 2004) , meadows (Knollová 2004; Bennie et al. 2006 ) and weeds (Ejrnaes et al. 2003; Lososová et al. 2004) . EIV can also be used to research appropriate management techniques (Decocq et al. 2004) or for interpretation of patterns of species diversity (Cornwell & Grubb 2003; Ewald 2003a) . Large database data sets have recently been subjected to such analyses (e. g., Wohlgemuth & Gigon 2003) , as well as to calibrations using direct environmental measurements (Ertsen et al. 1998 ). However, database data vary in sampling quality and are not always congruent in all aspects (Chytrý & Rafajová 2003) , biased results may arise due to such discrepancies.
The widespread application of EIV for solving ecological problems and the frequent use of phytosociological databases raise a question about the general credibility of the results. Little attention has been paid so far to the possible influence of plot size on EIV results, even though it is known that species composition and species richness strictly depends on plot size (Rosenzweig 1995) . Ewald (2003b) tested the sensitivity of EIV to the incompleteness of vegetation records by deleting species records with low abundance. He found a significant correlation between EIV and environmental measurements, even though 40% of species were missing, and concluded that plot size is not an important criterion. Nevertheless, such analysis should be performed on sampled nested plots to verify the authenticity of his results. The spatial distribution of species in a plot reflects its environmental heterogeneity and EIV may therefore differ between plot sizes due to fine-scale environmental heterogeneity (Robertson et al. 1988; Kelly & Canham 1992) . It has been demonstrated that between-plot heterogeneity is higher in small plots than in larger ones (Allen et al. 1984; Økland et al. 1990; Otýpková & Chytrý 2006b ). Larger plots achieve average ecological value and contain more species that usually share similar ecological behaviour, while small plots are usually more affected by accidental species occurrences or absences. Such accidental occurrences may have a profound effect on ecological values in homogeneous data sets. The aim of this paper was to test whether mean EIV are affected by sample plot size and the heterogeneity of data sets.
Material and methods
Four data sets sampled from forest vegetation and grasslands were prepared to evaluate the influence of sample plot size on EIV means. Both vegetation types were sampled on a local as well as a regional scale in order to create homogeneous and heterogeneous data sets.
Homogeneous data sets were situated in small areas in the south-eastern Czech Republic and heterogeneous data sets covered various sites in a wider area of the same region. Sampling in small areas with relatively similar environmental conditions resulted in homogeneous data sets. Model vegetation included species-rich grasslands dominated by Carex humilis and Brachypodium pinnatum (sampled on 33 sites) and beech and hornbeam forests (sampled on 32 sites). The heterogeneous data set from grasslands was created by sampling grasslands of the Molinio-Arrhenatheretea and Festuco-Brometea classes. Each of 30 sites represented one association. The same procedure was adopted for forests, where vegetation of Querco-Fagetea and Quercetea roboripetraeae classes was sampled on 23 sites. On each site a series of nested plots of increasing size with a common corner was established. The range of sizes was selected so as to include the sizes commonly used in phytosociological sampling. Plot sizes of 1, 4, 16, 25 and 49 m 2 were used for the sampling of grasslands, whilst plot sizes for forest vegetation were 49, 100, 225, 400, 625 and 961 m 2 . Mean number of species per plot size is given in Table 1 . Within each series, each plot size was recorded only once because of the substantial sampling effort needed. Further details of sampling procedures are described by Otýpková & Chytrý (2006a) . In each data set, mean EIV (Ellenberg et al. 1992) were calculated for each vegetation plot using JUICE software (Tichý 2002) . EIV were assigned to all species except for Pannonian and taxonomically complex species. EIV were not weighted by species abundance. Trends and changes in EIV means with increasing plot size were tested by ANOVA using STA-TISTICA 7.0 software. Box-and-whisker plots were used for graphical visualisation. The median represents the most frequent value of EIV means and 5% and 95% confidence intervals delimit the variability of EIV.
Results
Analysis of the influence of sample plot size on EIV is summarised in Figs 1-4. The ANOVA was not significant either for the homogeneous and heterogeneous data sets from grassland or those from forest vegetation. This means that plot size had no effect on the estimate of EIV. The ranges of mean EIV were wider in heterogeneous data sets (Figs 1, 3 ) than in homogeneous data sets (Figs 2, 4) . In homogeneous data sets the ranges of mean EIV were widest on the smallest plots, as can be seen from EIV for nutrients, light and soil reaction in the forest data set, and for temperature and nutrients EIV in the grassland data set. In spite of the fact that no profound effect of plot size was recorded up to 1 m 2 , variation in EIV seemed to increase with decreasing plot size.
Discussion
No effect of sample plot size on estimated means of EIV was found, even though plot sizes varied by an order of magnitude and the smallest plots did not contain more than approximately 50% of the species recorded in the largest plots.
Mean EIV ranges showed high species compositional variation between homogeneous and heterogeneous data sets both in grasslands and forests. This differentiation reflects the design of the data sampling. Naturally, the different vegetation types found in heterogeneous data sets differ considerably in their environmental requirements. Such huge ranges of mean EIV in heterogeneous data sets do not provide much information about environmental conditions. Homogeneous data sets with similar environmental conditions are supposed to have similar floristic composition and smaller EIV ranges that belong to the most frequent environmental values (van der Maarel 1993). Notwithstanding, the mean EIV per relevé are expected to show bias in a narrowly defined community type sampled in different sites, because species indication values for the community do not have to correspond to wider environmental conditions (Wamelink et al. 2002; Smart & Scott 2004) . Several environmental factors appear to exhibit this effect in the smallest plot sizes. EIV showed the widest variation in the smallest plot sizes for some environmental factors, which is probably the result of both higher fine-scale environmental heterogeneity and interactions among species (Otýp-ková & Chytrý 2006b ). Growing heterogeneity within a data set consisting of small plots increases noise and depresses environmental information of relevés. Small plots are more likely to be in sites with environmental conditions different from those prevailing in a larger and relatively homogeneous space (Wil- son 2000). Obviously, the smaller the plots we use for comparative analysis, the higher the heterogeneity and variability in EIV. Generally, plots smaller than 1 m 2 reflect inter-species interactions in vegetation while the relationship between vegetation and environment becomes more pronounced in larger plots.
Notwithstanding, the environment still directs plant species growing together even in a very small plot. A plot size of 1 m 2 is supposed to be large enough to overcome inter-species relations or fine-scale heterogeneity and is suitable for vegetation-environment analysis. The increase in heterogeneity when working with very small plots can be compensated for by sampling more plots and using the mean EIV of plots. In species-rich communities, however, such a solution is too time-consuming and incommensurate with effort and results. Slightly larger plots (4 m 2 in grasslands and 100 m 2 in forests) were not so variable in terms of EIV means, even though they contained approximately 60% of species present in the largest plots.
The results presented here are consistent with those of Ewald (2003b) . He found that EIV correlated well with measured environmental values even though 40% of the rarest species were deleted from the data sets. Further reduction of species led to more variable values but in some cases also improved correlation. That is why he proposed that lower species diversity improved ecological information. On the other hand, my results suggest that low species richness may increase noise in the data sets due to odd occurrence of one or more species in small plot size or due to a little shift of ecological value of majority species in the plot.
Plots exceeding fine-scale environmental heterogeneity by several times should contain species with the most frequent indicator value. Such plots thus have more species with a similar ecological optimum. Many studies of various spatial scales and vegetation types have proved that environmental influences are balanced in larger plots and that species composition is more homogeneous (Moravec 1973; Økland et al. 1990; Lennon et al. 2001; Chiarucci et al. 2001) . Therefore, the mean EIV indicates mean environmental conditions very well (Käfer & Witte 2004) and smooths accidental species occurrences with outlying indicator values (Diekmann 2003) . On the other hand, due to the very same averaging process, mean indicator values in some cases do not correspond well with environmental measurements that relate to a spatially restricted spot. Diekmann (2003) points out the pitfalls of using EIV for mire vegetation or Scandinavian pine calcareous forests. Such vegetation types are regarded as homogeneous as a whole, though displaying substantial environmental heterogeneity on a smaller scale. Such heterogeneity is common e.g. in mires, alder groves, alluvial forest and Mediterranean shrubs, where different vegetation types with extra ecological requirements can occur within larger plots. In such cases the mean EIV from smaller plots correspond to measured ecological factors more closely.
Using EIV is a very robust method of ecological analysis. These results demonstrate that ecological factors can be estimated from EIV irrespective of plot size criterion for the majority of European vegetation types, such as dry grasslands, meadows and temperate mesophilous and xerophilous forests. Mean EIV can also be used in analyses that are themselves influenced by plot size, such as ordinations (Otýpková & Chytrý 2006a) . The results are transferable and applicable for various vegetation types in small-scale as well as largescale homogeneous environments.
